Linear birefringence temperature changes are measured in the betaine phoshite crystal. The linear birefringence increments induced by antiferrodistortive, structural and ferroelectric phase transitions are analysed. Temperature derivatives of the linear birefringences are shown for comparison. Critical exponents are determined for both transitions. The antiferrodistortive phase transition is close to a tricritical one.
Introduction
Betaine phosphite, (CH3)3N+CH2COO-H3PO3, abbreviated as BPI, belongs to a family of the addition compounds of the α-amino acid betaine and inorganic acids. Weak intermolecular and intramolecular bonds between betaine and inorganic groups make the structure of betaine compounds sensitive to Cite external forces and temperature which leads to many structural phase transitions [1] . The BPI crystal is monoclinic at room temperature (the space group: P2i/c), and has four molecules per unit cell [2] . The BPI molecule consists of the betaine molecule and an inorganic acid rest of H3 PO3. These components are bonded by a hydrogen bond between an oxygen atom of the carboxyl group COO -and one of the hydrogen atoms of the phosphoric acid. The structure of the BPI crystal is formed of the isolated BPI molecules bonded by hydrogen bonds lying approximately parallel to the y-axis. The phosphite groups are bonded by these disordered hydrogen bonds and a quasi-one-dimensional chain structure is built. The high temperature structural phase transition at TC1 = 355 K is connected with a change of the space group from P21/m (Z = 2) to P21/c (Z = 4) -by an analogy to the betaine phosphate, BP crystal [3] . The low temperature ferroelectric phase transition (P21/c P 2 1 ) a t a b o u t T C 2 = 2 2 6 K i s o f t h e s e c o n d o r d e r ( P salong the b-axis). Third anomaly, probably the phase transition into the proton glass phase, is found at about 177 K [4] . Linear birefringence studies are regarded (769) as a very sensitive tool in investigating the ferroic phase transitions [5] . In the series of papers Kroupa et al. [6] [7] [8] described the birefringence behaviour in some betaine compounds. There is, however, a very limited set of experimental data on the phase transitions in the BPI crystal.
ExperimentaI
The BPI crystals were grown by controlled evaporation at a temperature of 308 K from an aqueous solution containing the betaine and H3PO3 in the molar ratio 1:1. Samples were cut perpendicularly to the directions of the optical indicatrix axes. An orientation of the optical indicatrix and the cleavage plane relative to the crystal axes is shown in Fig. 1 . The refractive indices were determined at λ = 589 nm: nα = 1.478, nβ = 1.498, and nγ = 1.527 [4] , and the crystal can be regarded as optically positive; an angle V = 40.4°. The linear birefringences are denoted as:
The linear birefringence changes were measured using the rotating-analyser modulation method [9] . A 1 mW He/Ne laser served as a light source (λ = 632.8 nm). In our method the light intensity measured has an amplitude proportional to sin 9 (9 is the phase shift introduced by the optical retardation: 9 = (2π/λ)Δn t, for wavelength λ, birefringence Δn, and thickness t). The accuracy of this method appears to be better than 10 -6 . The cooling and heating rate used in the phase transition region was 0.05 K/min.
Results and conclusions

The high temperature phase transition
In Fig. 2a at about TC1 is probably caused by the order parameter fluctuations [8] . The critical exponent β was calculated from the slope of ln δ(Δn) versus ln(T -TC) dependencies, Figs. 2b and 3b. The temperature derivatives d(|Δn(T)|)/dT at the phase transition region are shown in Figs. 2c and 3c . The high temperature stuctural phase transition (P121/m1 P12 1 /c1) is accompanied with the doubling of the unit cell along the c-axis. By analogy to the BP crystal the meaning of the order parameter of this phase transition is a rotation of the betaine and/or phosphites groups around an axis lying in the mirror αc plane. This rotational mode with k = c*/2 transforms according to the representation Bg of P21/m and the order-disorder transition can be classified as antiferrodistortive and improper ferroelastic with characteristic elastic anomalies [10, 11] . According to Dvorak [12] the free energy can be expanded as where uii are the spontaneous deformations. From this it follows that uii 2 . These uii components are not symmetry breaking components but nevertheless additional parts are induced by the coupling with The critical index determination is slightly difficult because of the signfficant blurring of the transition in the phase transition region. The slope of the log-log plots of δ(Δn) vs. (TC -T) is about 0.415-0.430 and assuming δ(Δn) µ 2β the order parameter exponent β is about 0.210-0.220. The very similar phase transition in the BP crystal is relatively close to the tricritical point [13] . The critical properties of the three-dimensional ANNI model studied by the Monte Carlo analyses based on coarse graining of single distribution function lead to the critical exponent in the vicinity of the Lifshitz point βL = 0.19 ± 0.02 [14] . We noticed that the high temperature phase transition was easily detected for the β-and γ-cut, but for the α-cut was rather hardly observable. The linear birefringence changes induced by the low temperature ferroelectric phase transition were more pronounced for the α-and γ-cut, whereas for the β-cut were small and difficult to detect. The comparative plot of derivatives d(| Δni|)/ dT is presented in Fig. 4. 
The low temperature phase transition
In Fig. 5a , the linear birefringence changes Δ |Δn a |T) and the linear birefringence increment δ(Δn a )(T) are presented. The linear birefringence increments δ(Δng)(T) and δ(Δn γ )(T) are shown in Figs. 6a and 7a , respectively. The critical exponent determined from the ln(δ(Δni)) vs. In(TC -T) plots is very close to 0.50 (Figs. 5b, 6b , and 7b). The linear birefringence derivatives are shown in Figs. 5c and 6c. A square of the polarization along the b-axis calculated by integrating the pyroelectric current is in fact linear in the temperature range of about 9 K below TC2 [15] . The transition is of the second order and of the order-disorder type. The ferroelectric phase transition temperature reported differs significantly: 208-226 K, and is probably correlated with crystal quality [16] . The low temperature stucture is not fully described because of the strong pseudosymmetry [2] . Deviations of the hydrogen atoms from their positions on the y-axis lead to a vanishing of the c-glide-mirror plane. The anomaly observed in the dielectric measurements at about 177-200 K has not been reproducible during the linear birefringence measurements and will be presented and described in the next paper.
